We consider fifty transiting short-period giant planets for which eclipse depths have been measured at multiple infrared wavelengths. The aggregate dayside emission spectrum of these planets exhibits no molecular features, nor is brightness temperature greater in the nearinfrared. We combine brightness temperatures at various infrared wavelengths to estimate the dayside effective temperature of each planet. We find that dayside temperatures are proportional to irradiation temperatures, indicating modest Bond albedo and no internal energy sources, plus weak evidence that dayside temperatures of the hottest planets are disproportionately high. We place joint constraints on Bond albedo, A B , and day-to-night transport efficiency, ε, for six planets by combining thermal eclipse and phase variation measurements (HD 149026b, HD 189733b, HD 209458b, WASP-12b, WASP-18b, and WASP-43b). We confirm that planets with high irradiation temperatures have low heat transport efficiency, and that WASP-43b has inexplicably poor transport; these results are statistically significant even if the precision of single-eclipse measurements has been overstated by a factor of three. Lastly, we attempt to break the A B -ε degeneracy for nine planets with both thermal and optical eclipse observations, but no thermal phase measurements. We find a systematic offset between Bond albedos inferred from thermal phase variations (A B ≈ 0.35) and geometric albedos extracted from visible light measurements (A g ≈ 0.1). These observations can be reconciled if most hot Jupiters have clouds that reflect 30-50 per cent of incident near-infrared radiation, as well as optical absorbers in the cloud particles or above the cloud deck.
INTRODUCTION
Mature planets on short-period orbits have energy budgets dominated by incoming radiation rather than internal heat. Their atmospheric temperatures are therefore a function of both the absorption of incident stellar energy and its transport before re-emission into space.
Absorbed energy is solely a matter of incident stellar flux and the planet's Bond albedo, AB. Ironically, it is difficult to constrain Bond albedo (the fraction of stellar energy that is reflected) through observations of reflected light. In order to convert an optical geometric albedo (visible light reflected towards the illuminating star) into a Bond albedo, one must make assumptions about a planet's reflectance spectrum, scattering phase function, and spatial inhomogeneity (Hanel 2003) . Bond albedo is more readily obtained from thermal measurements via energy balance.
Heat transport is more complicated, but tends to move energy prime meridian facing the star, and allows us to use orbital phase as a proxy for longitude (Cowan & Agol 2008) . The latitudinal temperature-dependence of a hot Jupiter is inaccessible unless one can measure higher-order phase modulation (Cowan et al. 2013) or utilize occultation mapping (Majeau et al. 2012; de Wit et al. 2012) . Finally, the vertical temperature structure is in principle accessible via emission spectroscopy: wavelengths at which the atmosphere is relatively transparent will probe deeper layers, and vice versa. Multi-wavelength thermal phase variations of a hot Jupiter on a circular orbit therefore amount to brightness temperature measurements as a function of orbital phase and wavelength (e.g., ). If one is solely interested in the global properties of the planet-namely Bond albedo and day-to-night heat transport-then one can further simplify the problem by combining brightness temperatures at each orbital phase to obtain a bolometric flux, and hence an effective temperature at that phase. Note that Solar System planets tend to have effective temperatures that are either uniform from any vantage point, or which vary based on the latitude of the observer due to imperfect poleward heat transport. For short-period exoplanets, on the other hand, the principal temperature gradient is between day and night, and dayside effective temperatures are often hundreds to thousands of degrees greater than their nightside counterparts. The final simplification we make is therefore to treat the planet as two horizontally isothermal hemispheres: a dayside and a nightside. The effective temperatures of each hemisphere are simply the weighted mean of the atmospheric temperatures on that side of the planet.
Previous Work
Cowan & Agol (2011b) used broadband infrared eclipse measurements of 24 hot Jupiters to demonstrate that they have generally low Bond albedos (AB < 0.5), and that the hottest planets have extremely low albedos and/or poor day-night heat transport efficiency, ε.
It is possible to break the albedo-transport degeneracy by combining dayside thermal constraints with measurements of either nightside thermal emission or dayside reflected light. Cowan et al. (2007) used an 8.0 µm eclipse depth and phase amplitude from the Spitzer Space Telescope, combined with an optical eclipse measurement from the MOST satellite, to constrain the energy budget of HD 209458b; they inferred a small Bond albedo (absorption of almost all light that shines on it) and a high day-night heat transport efficiency (nightside not much cooler than the dayside). Cowan et al. (2012) used 8 infrared dayside and 2 mid-infrared nightside measurements to constrain the albedo and recirculation of WASP-12b; they found the planet has a modest Bond albedo (∼ 0.25) and low heat transport efficiency ( 0.1). used phase-resolved emission spectroscopy taken with WFC3 from the Hubble Space Telescope to map the atmospheric thermal structure of WASP-43b, finding low Bond albedo (0.06-0.25) and no heat redistribution (for recent reviews of exoplanet atmospheric observations, please see Burrows 2014; Bailey 2014) .
Our work is organized as follows: in Section 2 we use published eclipse depths at multiple infrared wavelengths to infer effective dayside temperatures for fifty planets, with more than twice the data as Cowan & Agol (2011b) . In Section 3 we consider the subset of planets for which we can break the albedo-recirculation degeneracy. We first tackle the six planets with thermal measurements of both eclipses and phase variations (Section 3.1), then the nine planets for which reflected light measurements are available Table 1 . Short-period giant planets with a minimum of two published eclipse observations at infrared wavelengths (non-detections are not included.)
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XO-3b TrES-1b in addition to dayside thermal constraints (Section 3.2). We discuss our results in Section 4.
DAYSIDE ENERGY BUDGET
Inferring the effective dayside temperature of a planet requires combining eclipse depths at thermal wavelengths, which we define as those longward of 0.8 µm. We have updated the sample from Hansen et al. (2014) , now including fifty planets with a minimum of two published infrared eclipse measurements (additions include HAT-P-19b, HAT-P-20b, HAT-P-32b, WASP-6b, WASP26b, WASP-39b; Mahtani et al. 2013; Deming et al. 2014; Zhao et al. 2014, Kammer et al. in prep.) . Our data predominantly consist of broadband photometry, but we also include spectroscopic emission measurements when they are at complementary wavelengths (e.g. Ranjan et al. 2014; Wilkins et al. 2014; Crouzet et al. 2014; . The planets from our sample are listed in Table 1 .
Brightness Temperatures
Thermal emission at different wavelengths originates from different layers in the planet's atmosphere, which have different temperatures. One can define a brightness temperature at each observed wavelength, T b (λ): this is the temperature that a blackbody must have in order to emit at the same intensity as the planet.
Inverting the Planck function, we obtain the following expression for brightness temperature (Cowan & Agol 2011b) :
where ψ(λ) is the relative intensity of the planet to that of its host Figure 1 . Average broadband emission spectrum for fifty short-period giant planets (blue), plotted with the emission spectra of individual planets (gray). The spectrum of each planet is normalized to its mean brightness temperature. The aggregate spectrum is the median normalized brightness temperature at each wavelength, where the uncertainty bars denote the uncertainty on the mean (as opposed to the standard variation of the spectra at that wavelength.) star and T * is the stellar effective temperature, meaning we treat the star as a blackbody. For dayside measurements, ψ(λ) is the ratio of eclipse depth to transit depth, δecl/δtr, while for nightside measurements it is the ratio of nigthside flux to transit depth, (δecl−δvar)/δtr, where δvar is the phase variation amplitude. Published data therefore allow us to compute dayside (and, when appropriate, nightside) brightness temperatures for each waveband in which a planet has been observed.
Aggregate Emission Spectrum
The broadband emission spectra of most individual planets are consistent with isothermal atmospheres (Hansen et al. 2014) . It is possible, however, to construct an aggregate emission spectrum of all fifty planets in the hopes of revealing molecular absorption features too faint to detect in any individual planet's spectrum.
If some planets have temperature inversions while others do not, this type of averaging could actually wash out molecular signatures, which would appear in absorption for some planets and emission for others. However, the first and most statistically significant case of a hot Jupiter temperature inversion has not been borne out by new measurements nor reanalysis of the originals (Zellem et al. 2014; Diamond-Lowe et al. 2014; Schwarz et al. 2015) . Moreover, a systematic study of Spitzer eclipse measurements found that they have not been as accurate as advertised (Hansen et al. 2014) , suggesting the temperature inversions reported in most hot Jupiter atmospheres may simply be due to confirmation bias.
The aggregate emission spectrum for the fifty hot Jupiters is shown in Figure 1 . We normalize the brightness temperature spectrum of each planet in our sample, then determine the median and uncertainty on the mean at each wavelength. This "stacking" is only useful, however, at wavelengths for which there are observations of many planets (currently 1.15, 1.65, 2.25, 3.6, 4.5, 5.8, and 8.0 microns).
There are no significant features in the average spectrum, not even the trend towards higher brightness temperatures at shorter Figure 2. Dayside effective temperature versus irradiation temperature for all giant planets with multiple dayside infrared eclipses, estimated by Monte Carlo using hybrid EWM-PWM calculation and inflating observational uncertainties by fsys = 3 where applicable (Hansen et al. 2014) . Uncertainty bars for both temperatures are shown, while dot size is proportional to the fraction of expected planetary emission that falls within observed wavebands. Red symbols denote eccentric planets (e > 0.1). The solid, dashed, and dotted lines correspond respectively to maximum dayside temperature, T d = (2/3) 1/4 T 0 , uniform dayside with zero nightside temperature,
The trend line is shown in green; it suggests that hotter planets have disproportionately hot daysides.
wavelengths reported by Burrows (2014) . It is worth noting that Figure 4 of Burrows (2014) used data from fewer planets, and was normalized differently: the equilibrium temperature of each planet was divided out, rather than its actual dayside effective temperature. Recall that a planet's equilibrium temperature is what one would expect for a planet with zero Bond albedo and uniform temperature; it is merely a convenient theoretical quantity proportional to the irradiation temperature, T0, that we utilize in this work. The dayside effective temperature, on the other hand, is the weighted mean brightness temperature of the planet's dayside, as described in Section 2.3. Most hot Jupiters have dayside effective temperatures greater than their equilibrium temperature (dotted line in Figure 2) due to imperfect day-night heat transport. As a result, the dayside of a hot Jupiter emits somewhat more in the mid-IR-and considerably more in the near-IR-than one would predict based on its equilibrium temperature. In any case, we agree with Burrows (2014) that there are no signs of molecular absorption features in the aggregate spectrum. Since molecules are undoubtedly present in the atmospheres of exoplanets, we conclude that their absorption features are being muted by vertically isothermal atmospheres, optically thick cloud, or both.
Effective Temperatures
While brightness temperatures of brown dwarfs are strongly wavelength-dependent in the near-infrared (Faherty et al. 2014; Biller et al. 2013) , the external, asymmetric heating experienced by hot Jupiters produces dayside atmospheres that are relatively isothermal in the vertical direction (Fortney et al. 2006 ). This results in relatively featureless dayside emission spectra, which are amenable to model-independent estimates of bolometric flux and hence effective dayside temperature. If the nightsides of hot Jupiters have greater vertical temperature structure, then nightside effective temperature estimates are less reliable.
There is no universal way to derive the effective temperature of a planet from a collection of brightness temperatures. We therefore consider two methods with different physical motivations. In the first method, each brightness temperature is weighted by the inverse square of its respective uncertainty (ωi = 1/σ 2 i ), so eclipse depths with small relative uncertainties contribute more to the inferred effective temperature. We call this the error-weighted mean (EWM) effective temperature. This method has the advantage of being robust to occasional outlier eclipse depths, but implicitly assumes that short-period planets have Planck-like broadband spectra.
The second method, which we only apply to dayside measurements, weighs the brightness temperatures by the expected integrated power in that waveband: ωi = Pi = T0 ≡ T * R * /a where R * is the stellar radius and a is the semimajor axis. This is an excellent match (the dashed line in Figure 2 ) to the actual dayside effective temperature of most planets in our sample. We call this the power-weighted mean (PWM); it is identical in spirit to the linear interpolation method of Cowan & Agol (2011b) , but is easier to implement and runs faster. The PWM gives more weight to measurements near the peak of the planet's Planck function and should, in the limit of high spectral coverage, produce accurate effective temperatures even if planets have broadband spectral features.
Note that both EWM and PWM are biased in favor of broadband measurements: these observations tend to have smaller uncertainties, and they capture more of the planet's expected blackbody emission. The two methods produce generally consistent effective temperature estimates, which is a testament to the fact that most current dayside emission spectra are approximately Planck-like.
We use a 10 4 -step Monte Carlo analysis to estimate uncertainties in dayside effective temperatures. At each step in the Monte Carlo, we randomly vary the stellar effective temperature, transit depth, eclipse depth, and scaled semi-major axis, a * ≡ a/R * , according to their uncertainties. We use the published uncertainties for all of the above, except for single-epoch broadband eclipse depths where we inflate the published uncertainty by the factor fsys = 3 (such measurements have historically been less accurate than advertised; Hansen et al. 2014) . We also compute each planet's irradiation and brightness temperatures (following Equation 1). We then estimate each planet's dayside effective temperature; to hedge our bets, we use the EWM for half of the MC steps, and the PWM for the other half. The resulting relationship between T0 and T d is shown in Figure 2 . The median property is plotted, and uncertainty bars denote standard deviation from the MC.
GLOBAL ENERGY BUDGET
Based on dayside effective temperatures alone, one cannot simultaneously specify Bond albedo and heat recirculation efficiency. This degeneracy can be broken by supplementing thermal eclipses with one of two measurement types: phase variations at infrared wavelengths, or eclipse depths at visible wavelengths. Table 2 lists the published data for the fifteen planets which fall into one or both of these categories: observed wavelength and bandwidth, eclipse depths, and phase amplitudes. Cyan-colored entries are measure- ments exempt from the fsys = 3 uncertainty inflation of Hansen et al. (2014) .
Full-Orbit Thermal Measurement
The first way to resolve the degeneracy between Bond albedo and heat recirculation is by combining thermal eclipse and phase measurements to infer the planet's nightside effective temperature. This requires phase variations at thermal wavelengths, again defined as longward of 0.8 µm. Such phase observations are more timeintensive than eclipses, and therefore less widely available. There are six planets with at least one published phase measurement: HD 149026b, HD 189733b, HD 209458b, WASP-12b, WASP-18b, and WASP-43b. As in Section 2, we include band-integrated spectroscopy when it complements photometric observations (only one case at the moment: . For non-detections, an nσ upper limit of α is assumed to have a value and uncertainty of α/2 and α/(2n) respectively. Table 2 shows the data for this sample. (75) 1.47(4) × 10 −3 1.240(61) × 10 −3 4.5(10) 3.79(21) × 10 −3 3.66(9) × 10 −3 4.5 (10) 1.790(38) × 10 −3 9.82(89) × 10 −4 5.8(14) 3.7(3) × 10 −3 5.8 (14) 3.10 ( (75) 6.9(27) × 10 −4 4.5 (10) 1.51(19) × 10 −3
Reflected Infrared Light
The light emanating from a planet's dayside is a combination of thermal emission and reflected starlight. We plot an example for CoRoT-2b at 1.4 µm in the bottom panel of Figure 3 , assuming the geometric and Bond albedos are equal (though as described in Section 4.5 the proper conversion is more involved.) If the planet has low albedo in this scenario, then the 1.4 µm flux is almost entirely thermal emission and depends primarily on day-night heat transport. In the high albedo limit, on the other hand, the NIR flux is primarily reflected light and so varies linearly with the geometric albedo. In other words, even eclipse measurements at wavelengths greater than 0.8 µm are potentially contaminated by reflected starlight.
Furthermore, Figure 4 shows the reflected light contribution to dayside flux as a function of wavelength for a hypothetical gray planet (with temperature limits derived from Equation 2; see Section 3.1.2.) Reflected light dominates at ultraviolet wavelengths as expected, but its prevalence continues well through the nearinfrared. For reasonable system parameters, reflected light contributes 10 per cent of the NIR flux (this reflected contribution goes up if T * is increased, or if T d or a * are decreased.) Even if molecular absorption depresses the reflectance in certain bands, it is likely that eclipse measurements in NIR water opacity windows (J, H, and K) are contaminated by reflected light at the 10 per cent level.
Confidence Regions
In estimating effective dayside and nightside temperatures for each planet, we use Monte Carlo simulations with 5000 steps to propagate uncertainties. We assume uncertainties on observed quantities to be Gaussian and symmetrical; when asymmetrical uncertainty bars are reported, we adopt their mean. The planetary irradiation temperature is first computed as described in Section 2.3. Brightness temperatures are calculated for each appropriate measurement from Table 2 using Equation 1, propagating uncertainty on stellar effective temperature, eclipse depth, phase amplitude, and transit depth. For observations not listed in cyan (isolated eclipses, or partial phase curves), we conservatively inflate the published uncertainty by the factor fsys = 3 (Hansen et al. 2014) . Reflected light contributions are subtracted from all dayside eclipse depths-using planetary radius, Rp, and semi-major axis-assuming infrared geometric albedos to be normally distributed with mean 0.07 and width 0.01 (this is the distribution of uncorrected optical geometric albedo values described in Section 4.5). In cases where a brightness temperature is calculated as 0 K for all MC steps, we assume 100 K uncertainty in subsequent propagations. We then compute the ef- (see Section 4.5). This example planetary system assumes T * = 6100 K and a * = 4.8, both weighted means of the fifteen planets in Table 2 . Albedo regions are bounded by dayside temperature limits using Equation 2: solid lines denote no recirculation (ε = 0), dashed lines denote perfect recirculation (ε = 1). The vertical dashed line indicates our cutoff of 0.8 µm between reflected light and thermal emission.
fective dayside and nightside temperatures using the EWM of the corresponding brightness temperatures (as this requires no a priori temperature assumption and produces similar values to the PWM.)
Our parameterization of recirculation neglects any treatment of poleward heat transport. The most extreme meridional temperature profiles are either uniform in the North-South direction (perfect poleward transport) or T ∝ cos 1 4 θ, where θ is latitude (no poleward transport). The difference in effective temperature seen by an equatorial observer is (1/4) 1/4 T0 versus 8/3π 2 1/4 T0, a 1 per cent discrepancy. We incorporate this worst-case systematic uncertainty in quadrature for all effective temperature estimates.
Understandably, the number of brightness temperature measurements at distinct wavelengths for a planet affects the accuracy of the effective temperature estimate. In a Monte Carlo analysis using J.J. Fortney atmospheric models, Cowan & Agol (2011b) estimated systematic errors of 7.6 per cent in effective temperature when only a single observation was used (note that we only consider planets with at least two measurements), down to approximately 2.5 per cent for four or more measurements. We conservatively adopt a similar sliding scale of 8 per cent down to 3 per cent systematic uncertainty in effective temperature over the same observation number range, again added in quadrature.
Once we have dayside and nightside effective temperaturesand realistic uncertainties-for the six exoplanets, it is possible to infer each planet's Bond albedo and day-night heat transport efficiency using the parameterization of Cowan & Agol (2011b) :
and
where both AB and ε can take values between zero and unity. We create χ 2 surfaces for each planet based on our estimated dayside and nightside effective temperatures and using Equations 2 and 3. We calculate χ 2 on a 101 × 101 grid in AB and ε, then interpolate the intermediate values. The 1σ, 2σ, and 3σ confidence intervals are defined as ∆χ 2 = {1, 4, 9} respectively above the minimum, χ Bounding curve colors indicate irradiation temperature: red = warmer, purple = cooler. The inflationary factor fsys = 3 is applied to infrared eclipse and phase uncertainties as noted in Table 2 , but adopting the published eclipse uncertainties barely modifies the confidence intervals.
two constraints and two model parameters. Generating the χ 2 surfaces involves numerical integrations of Planck functions, which can be computationally intensive. We therefore create a database of relevant integrals; with 10 4 grid points tested per effective temperature, this database decreases computational time by more than 95 per cent.
We plot the 1σ confidence intervals for the six exoplanets with full-orbit thermal measurements in Figure 5 . Each planet is colored according to irradiation temperature, essentially the incident stellar flux. Since these planets have benefited from intensive observational campaigns, omitting the fsys = 3 uncertainty inflation produces nearly identical confidence intervals.
Geometric Albedo Measurement
The alternative approach to resolving the albedo versus heattransport degeneracy of thermal eclipses is to also consider eclipse measurements at optical wavelengths. For our purposes, optical eclipses are those shortward of 0.8 µm; these observations allow us to infer the planet's optical geometric albedo. Our literature review finds nine planets with published eclipse depths at thermal and optical wavelengths, but lacking infrared phase variations (Table 2). Note that HD 189733b and HD 209458b benefit from both infrared phases and visible eclipses. 
Thermal Contamination
In order to extract a geometric albedo from an optical eclipse, we must correct the eclipse depth for thermal emission from the planet "leaking" into the visible band (Cowan & Agol 2011b; ). In practice, one estimates the planet's dayside effective temperature and extrapolates this into the optical to account for thermal emission at visible wavelengths. However, this procedure is complicated by the fact that real hot Jupiters are vertically and horizontally inhomogeneous, so they emit at higher brightness temperatures in the optical than in the thermal infrared. Even if every location on a planet emits as a blackbody (BB), the resulting spectrum will not be a Planck curve. For a planet in the zero-albedo and zero-recirculation limit, the equilibrium temperature at any dayside location is described by T = T0 cos 1 4 γ, where γ is the angle from the sub-stellar point (γ = π 2 at the terminator.) Each annulus of the dayside thus radiates at a different blackbody temperature, and together they produce a "Sum of Blackbodies" (SoB) spectrum (this is analogous to the multicolor blackbody spectra used to model accretion disks; Mitsuda et al. 1984) . For fixed bolometric flux, BB and SoB spectra produce nearly identical flux at thermal wavelengths: the SoB is 1-2 per cent fainter than the BB. At optical wavelengths, however, a BB spectrum underestimates the flux by a factor of a few, as seen in Figure 6 .
Moreover, the optical photosphere should be deeper and hotter than the infrared photosphere, in a cloud-free atmosphere (Allard et al. 2001; Fortney et al. 2008; Cowan & Agol 2011a ). The combination of these two effects is that a naïve blackbody extrapolation from the infrared to the optical may underestimate thermal emission by a factor of 3-10. In other words, while the hottest planets have the greatest thermal emission at optical wavelengths, somewhat cooler planets have optical emission that is harder to estimate.
Once an optical eclipse has been corrected for thermal contamination, the geometric albedo can be calculated using Figure 5 . The inflationary factor fsys = 3 is applied to infrared eclipse and phase uncertainties as noted in Table 2 . Adopting published uncertainties across the board results in similar confidence intervals.
albedo is a function of wavelength, while hot Jupiter eclipse depths have typically only been measured in a single optical broadband.
Confidence Regions
Our dayside temperature analysis for planets in the eclipse-only sample is analogous to Section 3.1.2, and we again perform Monte Carlo simulation with 5000 steps for all uncertainty propagation. For optical eclipses, we optimize computation by first calculating the uncertainty of each thermally-corrected geometric albedo, using Equation 4 and propagating uncertainties in EWM dayside effective temperature, stellar effective temperature, transit depth, eclipse depth, planetary radius, and semi-major axis. Our thermal correction uses equal contributions of BB and SoB spectra, assuming 10 per cent increase in dayside temperature to account for the vertical temperature profile effect noted in Section 3.2.1. To acknowledge variability with this effect, we add a 5 per cent systematic uncertainty in quadrature to the calculated geometric albedo uncertainty. We then construct χ 2 surfaces for each planet as described in Section 3.1.2. For optical measurements, we recompute our thermal contamination correction at each χ 2 grid point to determine specific values of geometric albedo (since the underlying dayside temperature varies in the albedo-recirculation plane.) Note that HD 189733b has two distinct optical eclipses; we use the weighted mean of both corrected geometric albedos in our χ 2 calculations for this planet.
In Figure 7 we compare the 1σ confidence intervals of the nine eclipse-only planets to those of the six planets with full-orbit thermal observations. Note that for optical eclipses we implicitly assume AB = Ag, but the actual conversion between geometric and Bond albedo is more complicated (Section 4.5). Regions are again colored by irradiation temperature, while sample group is denoted by the line style of bounding curve. Though the fsys uncertainty inflation is included for isolated thermal eclipses, taking the published uncertainties at face value produces nearly identical confidence intervals. Based solely on dayside effective temperatures (Figure 2 ), one might conclude that all planets have roughly the same Bond albedo and heat transport efficiency. Figure 7 dispels this notion at high significance. The 1σ intervals for all the planets in Figure 7 are listed in Table 3 : thermal observation planets first, eclipse-only planets second. All best-fit parameters are defined as the location of χ 2 min on the computed grids.
DISCUSSION

Sources of Error and Uncertainty
It is worth summarizing the various sources of uncertainty and error that we account for in order to produce Figure 7 . For thermal measurements, we first compute brightness temperatures, accounting for the uncertainties on eclipse depth (inflated by a factor of 3 if based on a single occultation; Hansen et al. 2014) , transit depth, and stellar effective temperature, and also compute each planet's irradiation temperature, accounting for uncertainty in stellar effective temperature and scaled semi-major axis. At this stage, we also account for reflected light contamination (non-zero near-infrared geometric albedo). Nightside brightness temperatures are derived the same way, but additionally depend on the thermal phase amplitude and its uncertainty. In converting brightness temperatures to effective temperatures, we account for unknown meridional heat transport and incomplete spectral coverage. The conversion from dayside brightness temperatures to dayside effective temperature is reasonable for hot Jupiters because of their relatively isothermal vertical structure; the conversion may be more fraught for the nightsides of hot Jupiters.
For optical eclipses, we first correct eclipse depths for thermal contamination, accounting for uncertainty on dayside temperature, transit depth, and stellar effective temperature. In this process we also account for vertical and horizontal temperature profiles that conspire to increase optical thermal emission. We next convert the reflected light eclipse depth to an optical geometric albedo, accounting for uncertainties in eclipse depth, planetary radius, and scaled semi-major axis. We assume AB = Ag for the purposes of constraining heat transport in Figure 7 (see Section 4.5 for caveats), but this assumption in no way affects our inferred geometric albedo for these planets.
Crucially, for every "correction" that we apply, we add appropriate uncertainty in our inference, either by randomly varying parameters in the Monte Carlo, or by adding systematic uncertainty in quadrature to the formal errors. Our inferences of heat transport, Bond albedo, and geometric albedo are therefore conservative.
Dayside Temperatures
The upward trend in dayside effective temperature with irradiation temperature in Figure 2 is unsurprising: one expects highlyirradiated planets to be hotter. The black lines in the plot can be thought of as limiting cases of either heat recirculation or Bond albedo. In the zero-albedo limit, the black lines correspond to ε = 0 (solid), ε = 0.4 (dashed), and ε = 1 (dotted). Alternatively, in the zero-recirculation limit, the black lines correspond to AB = 0 (solid), AB = 0.25 (dashed), and AB = 0.625 (dotted). Therefore, planets that lie above the solid black line must have an internal energy source, while planets lying below the dotted black line must have non-zero Bond albedo.
We can also consider the qualitative claim from Cowan & Agol (2011b) that T d increases disproportionately with T0. We ignore planets with significantly eccentric orbits, as this complicates their energy budget (these planets are denoted in red in Figure 2. ) With double the planets and more data per planet, we find that T d = −90(80) + 0.87(5)T0. The χ 2 per datum of the fitted trend is 1.4 ± 0.4, which is a reasonable fit. This is consistent with-but does not strengthen-the claim that planets receiving more stellar Table 4 . Geometric albedo values, optical waveband starlight fraction, and Bond albedo limits (using Equations 6-8) for planets with visual eclipses. Observations are denoted by central wavelength and bandwidth. Geometric albedo values are considered as follows: "uncorrected" uses Equation 4 assuming no thermal contamination; "simple correction" accounts for thermal emission with a BB spectrum at our errorweighted mean effective dayside temperature; "full correction" uses the method described in Section 3.2.2 (equal BB + SoB contributions with vertical temperature profile effect), again using our EWM dayside temperature. Uncertainties on starlight fraction are negligible and thus omitted. All Bond albedo calculations use the "full correction" values and assume the phase integral factor q = Figure 5 shows a tendency towards lower recirculation efficiency as irradiation increases, in agreement with previous findings (Cowan & Agol 2011b; Cowan et al. 2012; Perez-Becker & Showman 2013) . The irradiation temperatures of these planets span approximately 2000 K, corresponding to ε = 0.59 for HD 189733b at the cool end (T0 = 1695 K) and ε = 0.01 for WASP-18b (T0 = 3387 K). The irradiation of WASP-12b is actually ∼ 260 K higher than WASP-18b, but their recirculation probability distribution functions overlap (Table 3) . The notable exception to the T0-ε trend is WASP-43b, with T0 = 1943 K but exhibiting virtually no heat transport (ε = 0 with χ 2 min = 0.758). Our recirculation value is in agreement with the redistribution factor of , and our bestfit Bond albedo (AB = 0.29) is also consistent at the 1σ level. These parameters translate into a cold nightside temperature (nominally Tn 465 K), which we routinely find to be consistent with zero. Coupled hydrodynamic and radiative transfer simulations of this planet were able to reproduce its dayside-but not nightsideemission , so the poor heat transport of this planet remains a mystery.
Thermal Phase Measurements
The thermal measurements for WASP-18b suggest AB 0.05 at 1σ. The planet's best-fit parameters would lie outside the plot to the left, which is indicative of either an internal heat source (identical to a negative Bond albedo in our parametrization) or underestimated observational uncertainties. Kepler-7b and WASP-43b also have χ 2 min well above zero, suggesting that either our model assumptions or the published uncertainties are incorrect. Each of these planets would benefit from more thermal eclipse and phase measurements in order to reduce the systematic uncertainty in dayside and nightside effective temperatures.
HD 189733b and HD 209458b benefit from full-orbit thermal observations as well as optical eclipse measurements, allowing us to compare infrared-based Bond albedos to their optical geometric albedos. For HD 189733b we derive corrected geometric albedos of 0.37(12) at 0.37 µm and 0.04(8) at 0.51 µm, in agreement with Evans et al. (2013) . This red-optical geometric albedo is much lower than our Bond albedo estimate of [0.33, 0.41] . For HD 209458b we obtain a corrected geometric albedo of 0.04(6) at 0.5 µm, which agrees with Rowe et al. (2008) . However, our 1σ interval for Bond albedo is [0.32, 0.52]. Therefore, the tentative conclusion based on these two planets is that their Bond albedos are considerably higher than their optical geometric albedos.
Eclipse-Only Measurements
Most of the eclipse-only planets have low geometric albedos: Ag 0.2 ( Figure 7 ). As anticipated, Kepler-7b lies completely above this range (Demory et al. 2011) , while the confidence region for Kepler-13Ab extends to a geometric albedo of 0.34. The nine planets exhibit a wide variety of recirculation efficiencies, from CoRoT-1b (ε ≈ 0.1) to Kepler-7b (ε ≈ 0.95). Eclipse-only planets with similar irradiation temperatures are found at different locations on the ε-axis, and we do not see evidence for a trend between irradiation temperature and recirculation efficiency as with the thermal observation planets. This is not surprising, since dayside measurements offer minimal leverage for inferring the nightside temperature. Strictly speaking we only include these planets in Figure 7 by assuming that AB = Ag; the actual comparison is more complex (Section 4.5).
Geometric albedo analyses encompassing several planets from our sample have been previously conducted. We compare our results in Table 4 to overlapping planets from : HAT-P-7b, Kepler-5b, Kepler-6b, Kepler-7b, and TrES2b. Our "uncorrected" geometric albedos for all five planets show agreement within the stated confidence intervals. Esteves et al. (2014) and Angerhausen et al. (2014) also consider these planets, in addition to Kepler-13Ab, under both zero and perfect heat redistribution. Our "full correction" geometric albedos for five of the six planets are in agreement with values from both studies obtained in the maximum equilibrium temperature hypothesis (i.e. hotter dayside temperatures implying greater thermal contamination of the optical eclipse). However, we find Kepler-13Ab to have dissimilar geometric albedo when using stellar parameters from Shporer et al. (2014) with our greater thermal correction: 0.175(113) ver-sus 0.404(55) and 0, respectively. Note this includes stellar effective temperature readjustment of Kepler-13A to 7650 ± 250 K, down from 8500 ± 400 K (Szabó et al. 2011 ).
Comparing Geometric to Bond Albedo
In principle, an optical eclipse depth is related to a planet's Bond albedo (Rowe et al. 2006) . Indeed, for a range of Solar System planets and moons, the Bond albedo is roughly equal to the optical geometric albedo, albeit with a scatter of ±30 per cent. Given the possibility of inhomogeneous albedo, uncertainty in the scattering phase function, and unknown reflectance spectrum, it would be imprudent to extrapolate this trend to hot Jupiters. Moreover, Marley et al. (1999) demonstrated that simply varying the incident stellar radiation can alter Bond albedo by a factor of four for identical planets.
Our analysis of hot Jupiters suggests that their optical geometric albedos are systematically lower than their Bond albedos. There are three possible explanations for this discrepancy: (1) we have over-corrected the thermal contamination at optical wavelengths, (2) we have systematically underestimated the effective temperatures for planets with full-orbit phase variations, or (3) the geometric albedos of hot Jupiters are, in fact, systematically lower than their Bond albedos because of unexpected scattering phase functions and/or reflectance spectra.
We address the first hypothesis by listing three different geometric albedo calculations in Table 4 : these differ in their treatment of optical thermal emission. For six of the eleven planets, there is little difference between the geometric albedo estimate after a simple blackbody subtraction as opposed to the scenario with higher optical brightness temperature. For the remaining five planets, the "full correction" geometric albedos are lower than their "simple correction" counterparts. The planets for which the details of thermal emission correction are more important tend to either have higher irradiation temperatures and so greater likelihood for unattributed thermal contamination in the optical (e.g. HAT-P-7b), or have precise optical eclipse measurements where minor changes to the dayside emission have a larger impact on constraining reflected light (e.g. TrES-2b). Our contamination analysis is also largely consistent with the geometric albedos inferred from higher equilibrium temperatures in both Esteves et al. (2014) and Angerhausen et al. (2014) . Even in the unlikely event that hot Jupiters have optical dayside brightness temperatures equal to that in the mid-infrared, the optical geometric albedos for most planets are significantly lower than the Bond albedos inferred from thermal phase measurements.
The second solution to the geometric versus Bond albedo discrepancy is that hot Jupiters are much brighter in the NIR, and hence thermal phase measurements-mostly obtained with Spitzer in the mid-IR-will underestimate their global temperatures and over-estimate their Bond albedos. However, neither the dayside emission spectra of individual planets, nor their aggregate spectrum, show strong broadband molecular features. This means that dayside brightness temperatures from the near-through mid-IR should be reasonable proxies for their effective temperatures. One may worry that flux is escaping the nightsides of hot Jupiters in the NIR, leading us to underestimate nightside bolometric flux, but that is ruled out for WASP-43b by HST/WFC3 phase measurements, which show no nightside flux in the NIR ). It would be useful to have full-orbit NIR phase curves of more planets in order to further test this hypothesis.
This leaves us with the third hypothesis, namely that the Bond albedos of most hot Jupiters are high, despite their low geometric albedos. The geometric albedo of a planet (light reflected back towards the illuminating star) is related to its spherical albedo (light reflected in all directions) by a phase integral, As = qAg. Lambertian (diffuse) reflection results in q = 3 2
, while pure Rayleigh scattering produces q = 4 3
. In general, planets with atmospheresincluding simulated hot Jupiters-have 1.0 < q < 1.5 (Pollack et al. 1986; Burrows & Orton 2010) . It would be useful to empirically constrain the scattering phase functions of hot Jupiters using data from space-based photometric missions. In the few cases where reflected phase variations have been measured, the spherical albedo appears so inhomogeneous that it is impossible to infer the phase-dependence of scattering Esteves et al. 2014 ). If we assume that hot Jupiters are diffusely reflecting, then they have typical optical spherical albedos of 15 per cent, still well below the inferred Bond albedos.
The spherical albedo is related to the Bond albedo via a fluxweighted integral (Burrows & Orton 2010) :
where Iinc is the SED of the incident stellar flux. The degree to which the optical spherical albedo impacts the Bond albedo depends on f opt * , the percentage of starlight emitted in the observed optical waveband, assuming blackbody radiation at T * (values of f opt * are listed in Table 4 ). We consider limiting cases of Equation 5, assuming out-of-band wavelengths have average spherical albedos equal to 0, the optical As, or 0.5 respectively:
A gray B = As,
A high B = Asf opt * + 0.5(1 − f opt * ).
Our limiting Bond albedos are summarized in Table 4 . In principle the out-of-band spherical albedo could be unity, but as this would result in Bond albedos so great that the planets would be cooler than is observed in the mid-IR, we adopt a more modest upper threshold in Equation 8. The A high B scenario is a reasonable match to the Bond albedos inferred from full-orbit thermal measurements. This suggests that most hot Jupiters have geometric albedos of ≈ 50 per cent in the NIR and 10 per cent in the optical. If hot Jupiters are Lambertian reflectors, the NIR/optical contrast is somewhat less severe. This scenario similar in spirit to the high Bond albedo combined with low red-NIR geometric albedo one can obtain with Rayleigh scattering (Marley et al. 1999) , but with the opposite color. Note that the high infrared albedos we are hypothesizing contradict the low infrared geometric albedo we assumed when estimating reflected IR light in Section 3.1.2. Using A IR g = 0.5 in our MC implies greater NIR contamination from reflected starlight, and hence lower dayside thermal flux with greater Bond albedo. The most extreme change is a 20 per cent increase in the Bond albedo of WASP12b, but nonetheless our conclusions remain unaffected.
It is worth mentioning that geometric albedos of 60 per centfrom the optical through the NIR-were predicted for the hottest giant exoplanets due to reflective silicate clouds (Sudarsky et al. 2000) . In order to explain the low optical geometric albedo, one could invoke an optical absorber at low pressures, above the purported cloud deck. Such optical absorbers, originally theorized to explain hot Jupiter temperature inversions, could include gaseous TiO/VO (Fortney et al. 2007) or S2/HS (Zahnle et al. 2009 ). In this scenario, Kepler-7b would be unique not because of its clouds, but due to its dearth of optical absorbers.
Alternatively, since cloud reflection is a multiple-scattering process, single-scattering albedos even marginally below unity can result in a heavily muted geometric albedo (Dlugach & Yanovitskij 1974; Hu 2014) . One might therefore explain the unusually red reflectance spectrum of hot Jupiters with a single cloud deck where individual cloud grains have nearly gray albedo.
Such scenarios might be tested by measuring the opticalinfrared transit spectra of hot Jupiters. If the purported absorbers are located at sufficiently low pressures, and if the upper atmospheres of these planets are not too hazy Gibson et al. 2013 ), then we would expect larger effective radii in the optical than the infrared. If instead the red reflectance spectrum is due to multiple scattering within a single cloud deck, then the transit spectrum should be flat.
Moreover, the best way to investigate these hypotheses would be to obtain thermal phase measurements for the planets that have precise optical geometric albedo constraints, and vice versa.
